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MIXING  OF  CONCENTRIC  HIGH-VELOCITY  AIRSTRLAMS 


Bezmenov,  V.  Ya.,  and  V.  S.  Borisov.  Turbulent  air  Jets  heated  to 
HOOO°K.  IN:  Akademiya  nauk  SSSR.  Izvestiya.  Otdeleniye  tekh- 
nicheskikh  nauk.  Energetika  i  avtomatika,  no.  4,  1961,  42-45. 

Experiments  were  carried  out  with  free,  hlgh-tenperature  submerged 
air  Jets  to  verify  various  hypotheses  concerning  the  effect  of  Jet 
tenperature  on  the  width  of  the  mixing  zone,  change  in  parameters 

along  the  Jet  axis,  and  posi¬ 
tions  of  the  jet  outer  boundaries. 
The  experiments  were  carried 
out  in  an  experimental  unit 
(Fig.  1)  in  which  an  electric 
arc  is  used  to  attain  tenpera- 
tures  up  to  4000°K  corresponding 
to  a  density  ratio  of  p2/pl  ■  14 
(where  p2  is  the  air  density  in 
the  inlet  section  of  the  jet  and 
pi  is  tine  density  of  the  sur¬ 
rounding  media).  The  nozzle 
exit  tenperature  was  maintained 
in  the  range  of  1000 — 1600°C. 

The  relative  velocity  head  (p) 
and  the  relative  excess  tem¬ 
perature  [superheat]  (v)  were 

determined  as  a  function  of  x/d  (distance  between  tie  cross  sections 
investigated  and  the  nozzle  diameter  d)  and  are  shown  in  Pigs.  2 
and  3,  where: 


I  J  4 


ill 


Fig.  1.  Diagram  of  the  experi¬ 
mental  unit 


i  -  uatnoae;  l  -  anode; 

3  -  Insulator;  4  -  cold 
eir  inlet;  5  -  water  cooling 
Inlet;  6  -  measuring  attach¬ 
ment. 


p  ■  Pm  u&/p0-.  u&n  and  v  ■  tB  -  ta/tmean  *  ta 


(l/2poo  u&n  is  the  maximum  velocity  lie  ad,  tug^  is  the  mean  tenperature 
at  the  exit  frcm  the  heating  chamber,  ta  is  the  tenperature  of  the 


Fig 2.  Change  in  the  rr’^tive 
velocity  head  P*u  Z/t  on  u  om 
along  the  Jet  axis 

o  -  experiments  at  P2  /o  j  «  1, 
a  -P2/>1  ■  14. 


Fig.  3.  Change  in  the  relative 
maximum  excess  tenperature 

tm  "  Wean  -  ta  the 

Jet  axis 

A  -  experiments  at  P,/P  1  -11* 


surrounding  mediun,  and  t  is  the  maximum  temperature) .  Pig.  3  in¬ 
cludes  tteoretical  data  obtained  with  the  use  of  a  published  equation 
fbr  calculating  tlie  Jet  mixing  zone  (Abramovich,  G.  H.,  Iborlya 
turbulentnykh  struy,  i960): 


U  m 


It  is  shown  ttot  the  values  of  both  the  length  of  tie  initial  zone 
and  the  width  of  the  mixing  zone  obtained  in  the  experiments  differ 
considerably  frcm  the  calculated  values.  This  is  attributed  to  the 
fact  that  1)  trie  theory  is  based  on  the  assumption  that  the  heat 
capacity  of  air  in  nonisotuermal  jets  is  constant,  which  is  incor¬ 
rect  in  the  case  considered,  and  2)  the  true  dependence  of  the  width 
of  the  mixing  zone  on  tne  P2/P1  ratio  Is  not  sufficiently  reflected  in 
the  equation.  Theoretical  and  experimental  distribution  curves  of 
dimensionless  velocities  and  tenperatures  across  the  Jet  show  that 
the  tneory  is  in  satisfactory  agreement  with  the  experiment . 


2.  Ginevskiy,  A.  S.  Turbulent  wake  and  Jet  in  a  concurrent  stream  in  the 
presence  of  tlie  longitudinal  pressure  gradient.  IN:  AkademLya 
nauk  SSSR.  Izvestiya.  Otdelenlye  tekhnicteskikh  nauk.  Mekhanika 
i  mashinostroyeniye,  no.  2,  1959,  31-36. 

A  approximate  method  is  proposed  fbr  calculating  the  free  turbulence 
in  the  presence  of  tne  longitudinal  pressure  gradient  in  concurrent 
streams.  Tire  netted  is  based  on  tlie  representation  of  the  tangential 
stress  profile  in  the  Jet  or  wake  as  a  polynomial  (t  ■  Bq  +  B^y  +  Bpy2), 
whose  coefficients  are  determined  from  the  boundary  conditions  on  tne 
jet  axis  and  boundaries,  using  the  differential  equations  of  motion. 

He  profile  so  determined  is  the  result  of  motion  and  is  not  connected 
with  any  assumptions  concerning  the  mechanism  of  motion.  A  series  of 
mathematical  transformations  leads  to  the  following  equation  for  di¬ 
mensionless  profiles  for  both  jet  and  wake  in  a  concurrent  flow: 


«•-«/(/.  um9-um/U ,  (1) 

where  F vjm)  -  -  ~  {^-  •/  --  \  )  V'f  —  !  j'  f  *«■  “i"  (2,J°  — 1  )J}, 

u  is  the  average  velocity  along  the  jet  axis,  U  is  the  velocity  of  the 
outer  flow,  and  y°  ■  y/6  (see  Fig.  4,  a  and  b).  Considering  that 
u  *  U$  u,  and  ul  *  U  ±  u,  ,  the  deficiency  or  excess  velocity  is 
expressed  by  the  following  equation: 

ui/ula  »  l-F(yO). 


Thus,  the  longitudinal  pressure  gradient  in  the  region  of  wake  or 
jet  in  a  concurrent  flow  has  no  effect  on  tlie  shape  of  the  velocity 
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profile  j  it  affects  only  the  law  of  the  variation  In  the  velocity 
and  the  width  of  the  wake  or  jet  along  its  axis.  A  series  of  equa- 
•tims  was  derived  and  solved  for  various  cases  and  conditions,  in¬ 
cluding  the  case  of  plane  wake: 


rVl  -  .  4i  j/ 


(3) 


and  the  case  of  a  submerged  jet  (U  ■  0) : 


(4) 


Hie  following  sinplified  expressions  were  obtained  fbr  the  velocity 
profiles  in  a  wake  or  a  jet  in  a  concurrent  flow: 


£-i-v+v, 


(5) 


and 


-l  -8V*  +  8*--3y-.  * 


(6) 


Velocity  profiles  obtained  according  to  equations  2,  5,  and  6  (see 
Fig.  5,  curves  1,  2,  and  3)  were  conpared  with  those  obtained  accord¬ 
ing  to  previously  published  experimental  data  (Fig.  5,  curve  4  fbr 
the  plane  turbulent  wake;  5  for  the  plane  turbulent  jet;  6  for  the 
axisymmetrlcal  turbulent  wake;  and  7  for  the  axlsymnetrlcal  turbulent 
jet).  The  theory,  particularly  equation  6,  is  in  good  agreement  with 
the  experiment .  The  corrparison  showed  that  the  proposed  method  may 
be  easily  generalized  for  axlsymnetrlcal  free  turbulence . 


jr 


Fig.  4.  The  effect  of  the  longitudi 
n&l  pressure  gradient  on  the  flov 

a  -  In  a  turbulent  wake,  b  -  in  a 
turbulent  jet  in  a  diffuser 
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Fig.  5-  Calculated  and  experimental  velocity 
profiles  of  turbulent  wake  and  Jet  in  a  con¬ 
current  flow  in  the  presence  of  longitudinal 
pressure  gradient 


3.  Ivanov,  Yu.  V. ,  Kh.  N.  Suy,  and  E.  P.  Tirana.  A  turbulent  Isothermal 
Jet  in  a  concurrent  flow.  Inzhenemo-fizicheskiy  zhumal,  v.  1, 
no.  5,  1958,  3-10 

A  review  of  previous  studies  on  the  change  in  axial  velocity  of  an 
isotnemal  cylindrical  Jet  developing  in  a  concurrent  flew  at 
x  »  v2/v1  -  2  (where  v2  and  v,  are  the  velocities  of  the  Jet  and 
the  receiving  flow,  respectively)  showed  a  marked  disagreement  be¬ 
tween  the  existing  theories  (see  Pig.  6).  To  evaluate  the  existing 
theories,  the  axial  velocity  of  an  isothermal  cylindrical  Jet  de¬ 
veloping  in  a  concurrent  flow  was  measured  in  a  horizontal  wind  tun¬ 
nel  (700  ran  in  diameter  and  2200  ran  long)  in  which  Jets  were  genera¬ 
ted  by  a  centrifugal  fan  through  nozzles  10.2  and  20.2  ram  in  diameter. 

A  velocity  ratio  of  x  -  20  was  maintained  by  decreasing  v,  to  "  4  m/sec 
with  a  maximum  v2  of  about  90  m/sec.  The  experimental  data  were 
treated  in  the  v_/vQ  and  ax/d  coordinated  (where  v_  is  the  maximum 
axial  velocity  in  a  given  cross  section,  a  is  the  previously  postulated 
Jet  structure  coefficient ,  and  vQ  is  a  maximum  velocity  in  the  jet 
throat).  The  experimental  curves  (Fig.  7)  are  described  by  the 
following  derived  equation: 

+-M-. V 

££ oi5_i — HiH—  '  X  — 0,2  (1) 

d  ’  TX*-1 

A  comparison  of  tne  experimental  data  with  published  theories  (see 
Fig.  8)  showed  that  at  x  >j.  the  equations  proposea  by  Abramovich 


(Izvestiya  AN  SSSR.  Otdelenlye  tekhnicheskikh  nauk,  no.  6,  1957)  snd 
.  by  Vulls  and  Leont'yev  (Izvestiya  Akaderrll  nauk  Kazakhskoy  SSR. 

Serlya  energeticheskaya,  no.  1,  1957)*  which  were  derived  by  the  super* 
position  of  motion  method,  give  the  closest  agreement  with  the  experi¬ 
ment  .  Experimental  studies  of  plane  jets  were  also  carried  out  In 
the  same  experimental  unit  by  replacing  the  annular  nozzles  with  plane 
nozzles  of  various  sizes.  The  results  are  satisfactorily  described 
by  the  proposed  equation: 


(2) 


The  experimental  data  obtained  are  In  disagreement  with  those  calcu¬ 
lated  by  the  equation  for  plane  isothermal  jets  in  a  concurrent  flow 
(A.  S.  Weinstein,  J.  F.  Osterle,  W.  Porstall ,  J.  of  Applied  Mechanics , 
v.  23,  no.  3,  1956) .  The  experimental  data  at  7  <axA>0  *>7,  when 
A  *  5,  are  In  good  agreement  with  those  calculated  by  the  following 
equation  derived  on  the  basis  of  the  VUlls  and  Leont'yev  equation 
for  the  velocity  profile  of  a  plane  Jet  in  a  concurrent  flew: 


Ssl  1.2(1 -E) 


(3) 


where  bQ  is  the  half-width  of  the  stream  and  v  •  1/A . 


Fig.  6.  Change  in  axial  veloc¬ 
ity  of  a  Jet  developing  in  a 
concurrent  flow  at  A  *  2 

1  -  Abramovich  (n^u*  n2U«  l); 

2  -  the  same  at  nlu  4  natiV  it 

3  -  Kyukheman  and  Veber;  U  -  Squire 
and  Trouncer ;  5  -  Squire; 

6  -  Yulis  and  Leont'yev. 
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Fig.  7*  Relationship  between 
V  /v0  and  the  criterion  hx/d 
at  X  ranging  from  1.54  to  * 

Curves  correspond  to  squatls* 
1;  the  figures  indicate  ex¬ 
perimental  points  1*  3,  5*  7, 
8,  10,  ena  U  at  a  ■  0.069; 
experimental  points  2,  4,  6, 
12,  13,  and  14  at  a  ■  0.071. 


Fig.  8.  Relationship  between  vm/vg  and  ax/bg  at 
X  ranging  from  2  to  ” 

Curves  correspond  to  equation  3,  where  figures 
denote  X.  For  experimental  points  1,  2,  4,  6, 
and  8,  a  *  0.097,  2b0  *  2.6:  for  experimental 
points  3,  5,  and  7,  a  *  0.097,  2bg  =  1.2. 


4.  Koiyavov,  P.  P.  Numerical  calculation  of  nigh-tenperature  laminar  jets. 
Zhumal  vychislitel’noy  natamatiki  i  matematicheskoy  flziki,  v.  1, 
no.  5,  1961,  856-868. 

Tenperature  profiles,  velocity  profiles,  and  the  boundary  of  the 
mixing  zone  of  a  viscous  conpressible  gas  Jet  discharging  into  a 
surrounding  medium  (stagnant  or  moving)  are  given,  and  equations  are 


Fig.  10.  Velocity  u  and  temperature  f  profile*  for  the 
mixing  of  nigh-temperature  and  high-velocity  gases  with 
gases  of  low  temperature  and  velocity 
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Fig.  11.  Profiles  u  and  T  for  the  mixing  of  gases  with 
small  temperature  differences  (Tq  ■  273°K,  »  300°K)  at 

*  1000  m/sec 


Fig.  12.  Velocity  and  temperature 
profiles  calculated  for  the  mixing 
of  cool  high-velocity  gases  with  a 
hot  low-velocity  gas 


derived  for  determining  the  flow  parameters.  Because  of  high 
tenperatures  (T>  2Q00°K),  it  is  assuned  that  the  Prandtl  nunber 


Fig.  13.  Velocity  and  temperature  profiles  calculated  for 
various  cases  of  the  mixing  of  cool  high-velocity  gases 
with  hot  low- velocity  gases 

changes  with  temperature  and  that  the  parameters  (p  -  density, 
u  -  viscosity,  a  -  heat  transfer  coefficient,  C.  -  specific  heat 
capacity)  are  known  functions  of  the  tenperature  T.  A  mine rl cal 
calculating  method  is  given  for  the  determination  of  tenperature 
profiles  and  velocity  profiles  in  the  mixing  zone  of  eend-infinite 
streams  (see  Fig.  9)  at  UQ  ■  100  m/sec,  TQ  ■  273°K,  tfc  ■  1000  m/sec, 

■  IOjOOCK.  The  calculations  were  made  with  and  without  taking 
account  of  dissociation.  The  results  obtained  indicate  the  influence 
of  dissociation  on  the  width  and  position  of  the  tenperature-  and 
velocity-mixing  zones  and  also  on  the  position  of  the  zero  line  of  the 
stream.  Figs.  10-14  shew  the  velocity  u  aid  tenperature  t  profiles 
for  the  mixing  of  high-tenperature  and  high-velocity  gases  With 


gases  of  low  tenperature  and  velocity ;  the  dependence  of  these 
profiles  on  the  ratio  of  the  temperatures  and  velocities  of  the 
mixed  gases  is  visible. 


Fig.  lU.  Variation  of  the 
boundary  of  the  mixing  zone  and 
of  the  neutral  line  of  the  stream 
described  in  Fig.  13  depending  on 
the  ratio  of  the  velocities  and 
temperatures  of  the  mixed  streams 


5.  Linkovskiy,  G.  B.  Calculation  of  a  noncylindrlcal  ejector.  Inzhenemo- 
flzicheskiy  zhumal,  v.  2,  no.  7,  1959  ,  87-91. 

The  principal  difficulty  in  calculating  an  ejector  with  a  noncylindrl¬ 
cal  mixing  chamber  (Fig.  15,  a  and  b)  is  that  In  such  a  case  the  equa¬ 
tion  of  momentum, 


M8W-(moX  Wx  +  m8a  Wa)  »p(fx  +  fa)  -  pP  +  R 

(where  I-L  ■  m-  .t  mg«:  nux  is  the  mass  flow  rate. of  the  ejecting  and  i%2 
of  the  ejected1  liquid;  W,  ■/i1,  end  W2  refer  to  the  flow  velocities 
in  the  corresponding  sections  of  the  ejector;  $  and  p  are  the  pres¬ 
sures  in  the  comes  ending  sections  of  the  ejector;  f, ,  f2,  and  F 
refer  to  the  areas  of  the  cross  sections  1-1,  2-2,  and  3-3)  ,  incor¬ 
porates  an  unknown  term,  R,  which  refers  to  the  force  exerted  on  the 
flow  by  the  wall  of  the  ejector.  To  overcome  this  difficulty,  an 
assumption  was  made  that  the  pressure  distribution  along  the  ejector 
•wall  is  linear.  In  this  case  the  mean  pressure  (pav)  may  be 
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determined  as  the  arithmetic  mean  of  the  pressures  at  the  inlet  and 
exit  of  the  mixing  chamber, 


P«v  '  »  *  “  Pav  fF-tfi  +  . 

A  closed  system  of  equations  may  thus  be  set  up  for  the  discharge 
from  an  ejector  with  a  noncylindrical  mixing  chamber: 


air*4-6W'  +  c-0. 


where 


c 


a 


(m,t  -f  m,, ) 


h  ~h  ft  — *  3  F 
2  (F+ /,+/,)  ’ 


.  2  («,.  IP,  -Hw,,  tP,)_F  _  -f 

'F-rft-.ft 


Using  the  expression  p  v  -  -and  disregarding  the  friction 

between  the  flow  and  tne  wall,2the  following  system  of  equations  was 
set  ip  for  the  pressure  in  a  subsonic  ejector: 


where 


ap'+bp+c- 0, 


IF+fx+ft)'  _  cmF(F+f,rft)  f 

8Af,  "  2gRM, 


»-  ur, +***'.  1  - 

L  2  J 

(m*W,+m„Wt)(F+tx+ft)  _  (F+fx+fJP_ 
2  Af,  4Af, 


-«i  ,r,  +  — 

2M, 

"*#1  1  ■  Af  / 

i 

-H  — 

I: 

lictii  systems  of  equations  have  two  roots;  consequently,  two  values 
of  p  may  be  obtained,  depending  on  the  conditions  at  the  exit  of 
tie  ejectors. 


Fi^.  15.  a  and  L.  Diagrams  of 
noncylindrical  ejectors 


6.  Fopov,  U.  ii.  Mixing  of  gas  streams.  Izvestiya  vysshikh  uchebnykh  zave- 
deniy.  Aviatsiomaya  teknnika,  no.  3,  I960  ,  80-86. 

The  interaction  and  mixing  of  two  or  more  gas  streams,  e.g.,  in 
ejectors,  combustion  chambers,  or  afterburners,  was  studied  using 
tie  rnulticonponent  fluid  model  proposed  by  Kh.  A.  Rakhmatulli  (Pig.  16). 
■  A  general  case  of  one-dimensional  steacty  flow  of  a  compressible  gas 

is  considered,  lie  previously  published  system  of  equations  obtained 
by  Rakhmatulli  for  mixing  of  two  incompressible  gas  streams, 

5 

t, 


-*-+  -l. 

Pi 


/(*)  «  ?; 

/( X)V 

■  c,. 

4u 

W  — 

4x 

l  rf," 

Pi  *■* 

Ux 

-  «), 

_  1  4,, 

A 

-■»), 

v  <ix  *" 

P» 

.  <// 
•2 
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and  tiie  following  four  equations. 


‘  •'»/»), 

i[c,(?  "c'%r,)'K/*!  ,,u  I- -/•*•<*-«)* +#-Q, 

*X  /a)  +/■  '*P®J  —  *)*+0. 

were  used  to  obtain  a  closed  system  of  equations  fbxMfetendnlng  the 
following  nine  unknown  functions;  u,  v,  plt  p2,  Si,  7o»  Ti,  and  p 
^ where  u  and  v  are  the  velocities;  p.  and  p2  are  densities;  p,  and 
p2  are  the  corrected  densities  in  the  case  of  each  gas  occupying  the 
entire  volune;  T.  and  T2  are  the  tenperatures  of  the  two  streams; 
and  p  Is  the  total  pressure) .  The  other  denotations  in  these  equa¬ 
tions  are  f(x),  the  variable  cross  section  of  the  charnel;  C,  and  C2, 
the  flow  rates  of  the  gases  per  second;  and  K,  the  Interaction  function 
taking  into  account  the  effect  of  the  gases  on  each  other  and  must  be 
determined  experimentally.  The  system  of  equations,  in  soma  cases, 
may  also  be  used  for  nonsteady  flows  giving  a  quaalstationaxy  approxi¬ 
mation.  The  system  of  equations  was  solved  approximately  for  the  flow 
of  a  two-conponent  gas  stream  obeying  the  equation  of  state  of  an  Ideal 
gas.  The  limiting  velocity,  v/hich  u  and  v  approach  at  sufficiently 
high  values  of  yx  (where  y  ■  f (K./C.  +  K2/C2) ; ,  is  expressed  by  the 
equation: 


K,  A'i 

;r“»+ 

Ki  Kt 

cr  Ct 


In  a  particular  case  when  -..he  pressure  change  along  the  mixing  zone 
is  negligible,  the  latter  equation  assunes  the  following  form: 


Vm  «  C***  Ofr 

•  Ci+C, 

The  solutions  of  the  equations  for  the  other  unknown  functions  are 
also  presented.  It  Is  shown  that  the  theory  describes  correctly  the 
mixing  of  two  gas  streams  and  may  be  {generalized  for  the  mixing  of 
several  streams. 


Su  flow  diagram 


7.  fihcherbina,  Yu.  A.  The  influence  of  initial  turbulence 
on  the  boundaries  and  range  of  submerged  .lets.  Ills 
Moscow.  Pizlko-tekhnicheskiy  institut.  Trudy,  no.  7. 

1961,  152  -157. 

A  method  is  given  for  caluclating  the  boundaries 
and  range  of  submerged  jets  with  an  initial. tur¬ 
bulence  ranging  from  6  to  30#  by  the  semlemplrleal 
theory  elaborated  by  V.  Prandtl ,  V.  Tolmin,  and 
others  and  adapted  by  G.  N.  Abramovich  for  super¬ 
sonic  Jets.  Results  of  experimetnal  investigation 
of  plane  submerged  Jets  of  various  initial  tur¬ 
bulences  are  also  presented.  The  experimental  unit 
(Pig.  17)  consists  of  a  pipe  (lengtn,  3000  *m| 
diameter,  200  mm)  connected  to  a  receiver  with  a 
plane  nozzle  (width,  250  mm;  height,  24.6  mm). 

The  turbulence  of  the  jet  was  varied  by  the  use 
of  Interchangeable  grids  in  the  nozzle.  Air 
velocity  was  constant  in  all  experiments,  and  a 
nearly  rectangular  velocity  profile  was  maintained 
at  the  exit  of  the  nozzle.  Experimental  results 
(Figs.  18—23)  lead  to  the  following  conclusions: 

1)  The  characteristics  of  highly  turbulent  jets 
(30*  of  turbulence)  conform  uith  the  basic  char¬ 
acteristics  of  jets  with  low  turbulence.  The 
velocity  of  Jets  remains  self-similar  (Fig.  18) 
along  the  length  of  the  Jet,  and  the  lines  of 
equal  velocity  (Fig.  19)  remain  rectilinear.  2)  It 
is  necessary  to  account  for  the  increasing  dis¬ 
tance  of  the  polar  point  of  the  jet  from  the  nozzle 
exit.  3)  In  calculating  the  range  of  turbulent 
Jets,  it  is  necessary  to  account  for  the  increasing 
coefficient  of  turbulence  with  the  increasing 
initial  turbulence. 

The  abstract  employs  the  following  conventional 
signs;  a  -  empirical  constant  of  turbulence; 
s  -  distance  of  the  pole  of  the  jet  from  the  nozzle, 
exit  section;  u  -  longitudinal  velocity  of  the  flow; 
u0  -  initial  flow  velocity;  u  -  maximum  flow  velocity 
In  a  given  section;  2bn  -  height  of  the  plane  Jet; 
y  -  coordinate  of  a  point  in  which  the  velocity  is 
equal  to  the  half  of  the  maximum  velocity  in  a  given 
section;  x,  y  -  rectangular  coordinates;  to  -  Initial 
intensity  of  the  Jet. 

Fig.  17.  Diagram  of 
the  experimental  device 


1  -  Pipe;  2  -  receiver; 
3  -  nosale. 
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Fig.  18.  Dependence  of  the  dimensionless 
Jet  velocity  on  the  -Hmansionless  coordlnat 
y  at  various  distances  from  the  noxsle 
(x  -  150,  400,  700  mm) 


Flit.  19.  Curves  of  equal  dlmanalonlesa 
velocities-  In  a  jet  with  an  initial 
turbulence  c  q  ■  30X 

1  -  u/u  -  0.4}  2  -  u/u  -  0.5; 

3  -  u/ua  -  0.6}  4  -  u/ua  -  0.8. 
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Fig.  20.  Relative  distance  of  tho 
polo  of  tho  lot  from  tho  oxlt  soctlon 
of  tho  nossle,  for  .lots  with  on  In- 
crossed  Initial  turbulence 


Flo.  21.  Linos  of  dimensionless 
velocity;  u/u  ■  0.5  for  jets 
with  various  initial  turbulences 
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Fig.  22.  Dimensionless  sxial 
velocity  of  jets  with  various 
initial  turbulences 


a 


Fig.  23.  Turbulence  coefficient 
for  lets  with  an  increased  Initial 
turbulence 

d.  Uryukov,  B.  A.  The  theory  of  a  differential  ejector. 
Zhurnal  prikladnoy  meknaniki  i  tekhnicheakoy 
fiziki,  no.  f>,  1963,  41-47. 

A  differential  ejector  is  analyzed  and  compared 
with  single  and  multistage  3uper3onic  ejectors. 
The  differential  ejector  (Fip;.  24)  may  be  con¬ 
sidered  as  consisting  of  an  infinite  number  of 
elementary  ejectors.  It  is  assumed  in  this 
analysis  that  1)  friction  and  heat  transfer  at 
the  ejector  walls  are  negligible  ;  2)  the  mixed 
?ases  are  ideal  and  have  the  same  chemical  com¬ 
position;  and  3)  velocity,  temperature,  and 
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oressure  profiles  art  uniform  in  the  initial  seat ion 
of  each  elementary  ejector.  The  analysis  la  made  in 
terms  of  dlmenaionleas  parameters 


where  F  la  the  surface;  Q,  the  discharge  rate;  w,  the 
velocity;  Tot  the  stagnation  temperature;  Pq,  the 
pressure;  X,  the  reduoed  velocity;  n,  the  Injection 
coefficient;  t,  the  stagnation  temperature  drop; 
o,  the  total  pressure  drop;  t,  the  pressure  ratio; 

«,  the  relative  surface  of  the  mixing  chamber;  and 
a„,  the  critical  aonlo  velocity.  Subscripts  1  indi¬ 
cate  conditions  at  the  ejector  exit  and  subscripts 
0  Indicate  conditions  at  ejector  inlet;  dP',  dQ‘ , 
w* ,  T0  * ,  and  P0'  denote  the  sane  parameters  of  the 
ejecting  gas  in  the  cross  section  of  an  elementary 
ejector;  and  df,  the  variation  of  the  surface  of  an 
elementary  ejector.  If  X  <  1  at  the  end  of  the  mix¬ 
ing  chamber,  the  losses  in  the  dlffusor  are  small. 

If  x  »  1,  various  regimes  are  established  in  the 
dlffusor.  For  larger  values  of  x,the  losses  are 
high.  The  determination  of  an  optimum  ejector  Is 
reduced  to  the  determination  of  the  distribution  of 
velocities  along  the  length  of  the  ejector  x  »  x(n) 
and  x'  *  x*(n)  at  which  t\  attains  a  maximum  value. 

The  optimum  value  of  x.,  therefore,  may  be  determined 
from  the  combined  consideration  of  the  ejector  and 
dlffusor.  It  may  be  demonstrated  that  x0  (at  the 
Inlet  of  the  ejeotor)  increases  with  increasing  n. 

The  optimum  ejector  corresponds  to  a  constant  x  >  x} 
along  the  lengths  of  the. ejeotor.  If  x.o  <  Xj,  the 
optimum  ejeotor  corresponds  to  x  •  x>  at  x«  <  Xj 
and,  therefore,  X*  Xj  to  the  end  of  the  ejector. 

The  following  oases  are  analysed;  a)  X  ■  Xm  and 
x'  »  Xg*  along  the  whole  length  of  the  ejector; 
b)  x i  <  xttf  (the  most  Interesting  case  for  practical 
applications);  and  c)  a  differential  ejector  at  t  ■  l, 
in  which  the  surface  of  the  mixing  chamber  does  not 
change  in  each,  elementary  ejector  and  x*  is  con¬ 
stant.  It  is  shown  how  the  equations  for  an 
optimum  ejector  at  Xj  >  x#  can  be  used  for  evaluating 
the  Influence  of  the  gas  temperature  on  the  com¬ 
pression  ratio  of  the  ejeotor. 
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V1||.  24.  Bilim  if  i  liffir- 
•ntlai  ijietor 


9.  Yakov levskly,  0.  V.  Hypothesis  on  tho  gone rail sat ion 
of  ejection  characteristics  of  turbulent  gas  jets 
and  its  application.  IN:  Akademiya  nauk  S3SR . 
Izvestlya.  Otdeleniye  tekhnlcheskikh  nauk. 

Mekanika  1  mashlnostroyeniye,  no.  3,  1961,  ho— 5h . 

Starting  from  the  assumption  that  the  Impulse  In 
the  initial  section  of  a  nossle  is  the  basic 
characteristic  of  a  turbulent  jet,  the  following 
hypothesis  has  been  postulated;  If  two  turbulent 
jets  discharging  from  identical  nozzles  have  enual 
impulses  in  their  initial  oross  sections,  then 
both  jets  have  the  same  ejection  properties  (l.e., 
drawing  of  the  neighboring  fluid  by  the  jets  is 
governed  by  the  same  law),  expressed  by  the  follow¬ 
ing  dimensionless  equation: 


where  G  is  the  mass  flow  rate  of  a  gas  in  an  arbi¬ 
trary  cross  section ;  a  and  i  refer  to  the  arbitrary 
submerged  isothermal  jets  and  to  a  standard  one, 
respectively;  p  is  the  density;  x  is  the  lonrltudlnal 
coordinate:  arid  r«  is  the  initial  radius  of  an 
axlsymmetrloal  jet.  On  the  basis  of  this  hypothesis, 
ejection  properties  of  any  arbitrary  jet  may  be 
determined  by  detenslnlng  the  ejection  properties 
of  a  corresponding  turbulent  jet  of  an  incompressi¬ 
ble  fluid,  using  the  equations  derived  for  tho 
initial  section  of  an  arbitrary  jet. 


c-vTV-M 

n  • 
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and  for  the  main  section  of  an  axisvmmetrieal  Jeti 


G°  m  V7#«i(*°  +  Pi) 


The  flow  diagrams  *n  the  initial  section  of  a  .let 
mixing  zone  and  in  the  main  section  of  a  .let  <Us- 
charging  into  a  coaxial  flow  arc  given  in  Pigs. 

25  and  26.  Together  witn  the  previously  derived 
equations  for  the  conservation  of  momentum  and  for 
enthalpy,  the  new  equation  forms  a  closed  system 
of  equations  for  calculating  gas  jets  discharging 
into  a  moving  medium.  The  application  of  the  pro- 
nosed  hypothesis  is  illustrated  by  calculating 
various  parameters  for  the  initial  section  of  a 
Jet  in  a  coaxial  flow,  for  a  turbulent  heated  gas 
Jet  (with  varying  thermodynamic  parameters)  in  a 
coaxial  flow,  for  a  Jet  of  an  incompressible  fluid, 
for  a  supersonic  Jet  under  design  and  off-design 
flow  regimes,  and  for  a  gas  liquid  Jet.  Comparison 
of  the  calculated  data  with  published  experimental 
data  shows  good  agreement. 


Fig.  25.  Flow  diagram  of  the 
initial  section  of  a  jet  nix¬ 
ing  sons 


Fig.  26.  Flow  dlagran  of  the 
mein  section  of  a  jet  discharging 
into  s  concurrent  flow 
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10.  Yakovlevskiy,  0.  V.  Thickness  of  the  turbulent  mix¬ 
ing  zone  on  the  boundary  of  two  streams  of  gases 
of  different  velocities  and  densities.  IN:  Akademiya 
nauk  S3 SR.  Izvestiya.  Otdeleniye  tekhnichesklkh 
nauk,  no.  10,  1958,  153-155. 


The  effect  of  temperature  and  velocity  on  the  angu¬ 
lar  coefficient  (b»)  of  the  widening  of  the  turbulent 
mixing  zone  of  two  nonlsothermal  gas  streams  was 
studied  experimentally  and  theoretically.  The  ex¬ 
perimental  data  obtained  (Pig.  27)  show  that  at  . 
m  •  0  (m  -  U2/ult  where  u2  and  u.  refer  to  the 
velocities  of  the  two  streams),  6*  depends  markedly 
on  the  ratio  of  the  densities  of  the  two  streams 
r  (r  ■  p2/oi),  and,  therefore,  the  published  equation 
for  calculating  b*  is  not  applicable  to  nonlsothermal 
streams.  The  following  semiempirical  equation  for 
determining  b*  has  been  derived: 


b* 


» 


where  the  constant  c  is  determined  experimentally. 
Reduction  of  the  experimental  data  in  b»,  r  coordinates 
showed  that  for  submerged  (m  •  0)  Jets  of  k  compressible 
gas,  b*  may  be  calculated  using  the  following  equation: 
b*m-o  =  0.27(1  +  r/2),  where  r  (at  m  »  0)  is  determined  from  the 
known  equation: 


0* — Lliill, 


(»• 


*—l 

T+T 
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Fig.  27.  The  dependence  of  the  angular 
coefficient  of  the  widening  of  the  mix¬ 
ing  zone  of  two  nonisotheraal  gas  streams 
on  the  ratios  of  the  velocities  (m)  and 
densities  (r)  of  the  two  streams 
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